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Abstract. In museums, poor indoor air quality combined with unsuitable 

thermal and hygrometric conditions can affect the visitors and staff well-

being as well as cause the deterioration processes of the exhibit objects. In 

order to assess indoor air quality of the museum, a survey was carried out 

in some rooms of the Uffizi Gallery of Florence by the researchers of the 

Laboratory of Environmental Physics of the University of Florence.  

Indoor temperature, relative humidity, chemical and microbiological 

pollutants were sampled, and the results analyzed and discussed. To do that 

a general methodology of investigation and evaluation of the results was 

defined and applied to several rooms of the Gallery. The presence of 

critical pollutant concentration was underlined and proper investigations on 

the HVAC system were scheduled. In this paper the results regarding a 

representative room are shown and discussed.  

1 Introduction  

As �useu�s p�ay a� i�prta�t r�e i� sciety it is �ecessary t e�sure a�d i�prve i�dr 

air qua�ity (IAQ) c�diti�s t preserve the artefacts �1� 2] a�d prvide we�� bei�g t 

visitrs a�d staff �3]$ It is freque�t�y hard t �a�age the i�dr air c�diti�s a�d t reach a 

c�pr�ise betwee� IAQ� we�� bei�g� preve�tive c�servati� a�d e�ergy efficie�cy� 

si�ce c�servati� requires by defi�iti� a very stab�e c�i�ate with shrt f�uctuati�s� 

which i�pses high de�a�ds t the air c�diti�i�g syste�s i� rder t �eet thse 

require�e�ts a�d t reduce the prcess f exhibits degradati� �4]$ 

T assess i�dr qua�ity a�d the re�ated expsure t air p��uta�ts� e�issi�s fr� 

varius surces� such as ccupa�ts� bui�di�g �ateria�s� �ai�te�a�ce prducts a�d 

equip�e�t� i�c�udi�g heati�g� ve�ti�ati� a�d air c�diti�i�g syste�s (HVAC)� �ust be 

c�sidered as we�� as the durati� f the expsure fr the wr+ers a�d the visitrs i� the 

�useu�$ Fr� a �a�age�e�t pi�t f view airbr�e p��uta�ts rare�y ca� be c�tr��ed 

a�d ��itred i�dividua��y- s� s�e p��uta�ts �ust be ide�tified as +ey p��uta�ts fr 

�useu� e�vir��e�ts �5]$ 

/st re�eva�t para�eters i�side �useu�s t be ��itred are air te�perature� re�ative 

hu�idity� carb� dixide (C02)� tta� v�ati�e rga�ic c�pu�ds (V0Cs) a�d bi�gica� 
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p��uta�ts- the adverse effects f these p��uta�ts � the artwr+s ca� be eve� i�creased by 

i�dr high �eve�s f te�perature� re�ative hu�idity a�d ve�ti�ati� effective�ess$  

Carb� dixide is e�itted fr� hu�a� breath tgether with water vapr a�d ca� be used 

as a� i�dicatr f the effective�ess f ve�ti�ati� i� the �useu�$ It has very �itt�e adverse 

effect � c��ecti�s whi�e its c�ce�trati� abve 1000 pp� ca� cause adverse effect � 

hu�a� hea�th$  

V�ati�e rga�ic c�pu�ds i� �useu� i�dr air ccur i� �a�y species a�d fr� 

varius surces2 ccupa�ts (�etab�ic prducts� pers�a� care prducts)� c�ea�ers a�d 

waxes (c�ea�i�g prducts with s�ve�ts� etc$)� pai�ts� pesticides (��d i�hibitrs� 

i�secticides� fu�gicides� huseh�d disi�fecta�ts� etc$)� adhesives� fur�ishi�g a�d c�thi�g 

(carpet fi�ishi�g c�p�e�ts� tapestry� draperies� tissues� etc$)� bui�di�g �ateria�s 

(c�structi� �ateria�s� fur�iture� etc$)� HVAC syste�s secti�s a�d air i��et grids if �ear t 

p��uti� surces (vehicu�ar exhaust� etc$)� utdr air �6]$ V0Cs are fr�ed by �u�erus 

che�ica� c�pu�ds� be��gi�g t c�asses f ar�atic� ha�ge�ated a�d a�iphatic 

hydrcarb�s� a�dehydes� esters� a�ch�s� +et�es� terpe�es� carbxy�ic acids� etc$ If 

expsure t V0Cs exceed the guide�i�es �i�its it ca� resu�t i� bth acute a�d chr�ic hea�th 

effects re�ate t the p��uta�ts c�ce�trati� a�d its expsure$ 

/ai� c�asses f bi�gica� p��uta�ts which ca� affect IAQ i� �useu�s are ��d a�d 

bacteria$ As the ��d grwth is i�creased by high re�ative hu�idity va�ues a�d air 

te�perature higher tha� 254C� it ca� a�s be a� i�dicatr f pr ve�ti�ati� qua�ity$ A��g 

the �u�erus species f fu�gi ��y s�e f the� are f pri�e i�terest i� �useu� i�dr 

e�vir��e�ts �6]$ I� i�dr air f �useu�s� the �ai� surces f bi�gica� aers� are 

usua��y hu�a� bei�g eve� thugh these p��uta�ts ca� grw i� the dust sett�ed i� the 

bui�di�g a�d the HVAC secti�s$ High tta� bacteria� �ad (TB6) ca� be a�s re�ated t the 

prese�ce a�d grwth f pathge� �icr rga�is�s that ca� cause pte�tia��y ha7ardus 

diseases fr hu�a�s (i�fectius prcesses� a��ergies r i�txicati� i� the ccupa�ts)$  

There are �a�y tech�ica� sta�dards (�a�datry r v�u�tary)� guide�i�es a�d studies 

(�ati�a� a�d i�ter�ati�a�) that ca� be ta+e� i�t accu�t t estab�ish a re�ati�ship 

betwee� p��uta�t c�ce�trati�� ve�ti�ati� rates� qua�ity i�dicatrs a�d hea�th effects r 

eve� disc�frt c�diti�s �7]2 �e f the �st i�prta�t Sta�dard c�cer�i�g IAQ is 

ASHRAE Sta�dard 62$1 that defi�es acceptab�e i�dr air qua�ity �8]$ S�e Ita�ia� Reprts 

f Istitut Superire di Sa�it= (ISS) dea�i�g with i�dr air qua�ity are a�s avai�ab�e �9� 

10]� �rever� differe�t ccupati�a� patter�s f �useu�s (wr+ers a�d visitrs) are 

i�c�uded i� differe�t �aws a�d sta�dards fr� /i�ister per i Be�i e �e Attivit= Cu�tura�i 

�11]$ 0ther i�prta�t guide�i�es estab�ish �ai�te�a�ce prtc�s (i�specti�� c�ea�i�g) fr 

Air Ha�d�i�g U�its (AHU) a�d ductwr+s f the HVAC syste�s- �rever� �i�it va�ues 

fr dust� bacteria� ad fu�gi i� ductwr+ are avai�ab�e$ @ati�a� Air Duct C�ea�ers 

Assciati� (@ADCA) guide�i�es a�d i�ter�ati�a� sta�dards a�d thse f Asscia7i�e 

Ita�ia�a Igie�isti Siste�i Aerau�ici (AIISA) are very i�prta�t as there is a str�g re�ati� 

betwee� i�dr air qua�ity a�d ductwr+s �10� 12 14]$ 

I� rder t i�vestigate the i�dr air qua�ity i� the Uffi7i Ga��ery f F�re�ce� a 

pre�i�i�ary survey with shrt ter� ��itri�g was carried ut i� 2019 i� s�e r�s f 

the �useu�$ T assess i�dr te�perature� re�ative hu�idity� che�ica� a�d �icrbi�gica� 

p��uta�ts i� the �useu�� a� i�vestigati� strategy a�d assess�e�t f the resu�ts was 

defi�ed$ I� the paper resu�ts dea�i�g with r� 41 c�pared with thse f the r� 10 are 

prese�ted$ The survey ai� is t u�der�i�e the prese�ce f critica� issues i� rder t 

deter�i�e future ��g ter� ��itri�g strategies t i�prve i�dr air qua�ity i� the 

�useu� a�d its equip�e�t$  

2 Materials and methods  
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A ge�era� i�vestigati� strategy fr the eva�uati� f the i�dr air qua�ity f �useu�s was 

defi�ed a�d c�bi�ed with site i�specti�s a�d i�terviews with the tech�ica� staff that 

pi�ted ut s�e c�p�ai�ts dea�i�g with pr air qua�ity c�diti�s i� the Ga��ery r�s$ 

This �ethd�gy was tha� app�ied t the Uffi7i Ga��ery$ The Ga��ery e�tire�y ccupies the 

first a�d sec�d f�rs f the bui�di�g c�structed betwee� 1560 a�d 1580 a�d desig�ed by 

Girgi Vasari$ It is fa�us wr�dwide fr its utsta�di�g c��ecti�s f a�cie�t scu�ptures 

a�d pai�ti�gs �15] fr� the /idd�e Ages t the /der� perid$ 

2.1 Investigation strategy  

Withi� the i�vestigati� strategy a ge�era� �ethd�gy was defi�ed2 

  Phase 1Ec��ecti� f ge�era� data- 

  Phase 2Edefi�iti� f the ��itri�g strategies- 

  Phase 3Esa�p�i�g f i�dr para�eters a�d che�ica� a�d �icrbi�gica� p��uta�ts-  

  Phase 4Ec�paris� betwee� the �easured va�ues a�d the rec��e�ded va�ues- 

  Phase 5Ep��uta�ts critica� a�a�ysis a�d their crre�ati� with pssib�e p��uti� surces$ 

The described �ethd�gy was app�ied t severa� r�s f the Uffi7i Ga��ery� chse� 

accrdi�g t the i�prta�ce f the artwr+s exhibited� the �u�ber f visitrs� the air 

c�diti�i�g syste� a�d the pte�tia� critica� issues fr artwr+s c�servati� a�d fr 

ccupa�ts we�� bei�g re�ated t i�dr air qua�ity$ The first three step f the �ethd�gy 

are reprted i� Figure 1$ I� particu�ar� the HVAC syste� was i�vestigated bth fr� a 

theretica� pi�t f view a�d with direct i�specti� (tech�ica� r�s� spaces fr the passage 

f pipes� duct� etc$) i� rder t a�a�y7e the effective�ess f the syste� t �ai�tai� 

acceptab�e i�dr air qua�ity i� the �useu� e�vir��e�t$ /rever� as the prese�ce f 

visitrs was very i�prta�t� air p��uti� i� the �useu� was sa�p�ed� fr s�e 

represe�tative r�s� bth with the �useu� c�sed (used t defi�e refere�ce va�ues) a�d 

the �useu� pe�$ I� every a�a�y7ed r� f the Ga��ery the i�stru�e�ts were psiti�ed i� 

a� apprpriate �cati� with the ai� f c��ecti�g represe�tative data a�d� at the sa�e ti�e� 

�i�iti�g visitrs’ i�teracti� a�d e�suri�g the crrect fruiti� f the r�s$ 

The hea�th effects f the ��itred p��uta�ts were a�s re�ated t the c�bi�ati� a�d 

sy�ergy with che�ica� p��uta�ts$ I� particu�ar� �icrbi�gica� a�a�ysis ai�ed at the tta� 

bacteria� �ad (i�c�udi�g bacteria that grw� at a te�perature ra�ge f 30G374C) a�d the 

tta� C��y Fr�i�g U�it (CFU) i� the biaers�$ The �easured va�ues were c�pared 

with the rec��e�ded va�ues fr� guide�i�es� �aws� tech�ica� sta�dards� scie�tific studies$ 

Fi�a��y� i� the Phase 4 a�d 5 a c�paris� betwee� the �easured va�ues with the 

rec��e�ded va�ues a�d a critica� a�a�ysis f the resu�ts was carried ut$ /rever� the 

crre�ati� f p��uta�ts with HVAC syste�� �ai�te�a�ce prcedures� c�ea�i�g prcedures� 

etc$ was i�vestigated$ 

 

Fig. 1. Phase 1, 2, and 3 of the investigation methodology. 

2.2 Sampling tools and methods  
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0� the basis f the site i�specti�� a�d the i�dicati� f the tech�ica� staff f the Uffi7i 

Ga��ery� the survey was c�ducted i� s�e represe�tative r�s$ I� Figure 2 a�d 3� the first 

a�d sec�d f�r p�a� f the Uffi7i Ga��ery i�dicati�g the a�a�y7ed r�s are prese�ted 

whi�e i� Tab�e 1 the �ai� characteristics f the a�a�y7ed r�s i� the Uffi7i Ga��ery are 

reprted$ 

 

Fig. 2. First floor plan of the Uffizi Gallery indicating the analyzed rooms. 

 

Fig. 3. Second floor plan of the Uffizi Gallery indicating the analyzed rooms. 

The Uffi7i Ga��ery is partia��y served by HVAC syste�s ai�ed at the c�tr� f air 

te�perature a�d re�ative hu�idity i� the differe�t r�s$ HVAC syste�s are �a�aged by a 

re�te ��itri�g a�d c�tr� syste� (Bui�di�g aut�ati� DesigT/)2 fr� a ce�tra� PC 

wr+stati� the e�tire air c�diti�i�g syste� ca� be ��itred� para�eters a�d 

ca�ibrati�s ca� be cust�i7ed� sa�p�i�gs ca� be disp�ayed i� graphs fr� a�d diagra�s� 

tre�d diagra�s ca� be prduced� batch Hb acti�s ca� be schedu�ed� a�d a�ar� �essages 

fr� the syste� ca� be get$ The c�tr� syste� a�s �a�ages fire� i�trusi� a�d e�ectrica� 

syste�s$  

As c�cer�s the air c�diti�i�g f the �useu�� differe�t AHUs prvide heati�g� 

ve�ti�ati�g� a�d air c�diti�i�g i� the differe�t r�s� whi�e s�e f the i�vestigated 

r�s are �� prvided with air c�diti�i�g$ I� particu�ar� HVAC syste� fr r� 41 has 

a variab�e perce�tage f air recircu�ati� bth i� wi�ter a�d su��er c�diti�s with a 

��i�a� air f�w rate f 10000 �3Ih (Figure 4)$ Air i��et is prvided by �i�ear grids (i� the 

upper part f the r� �ear the s+y�ight) whi�e air ut�et grids are bui�t i� the f�r (Figures 
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5 a�d 6)$ The AHU is �cated i� a very �arrw attic r� a�d �ai�te�a�ce prcedures ca� 

be particu�ar�y difficu�t (Figure 7)$ 

Sa�p�i�gs� c�ducted t have a pre�i�i�ary sce�ari f the prb�e�s crre�ated with 

the i�dr air qua�ity f the �useu� a�d the �icrc�i�atic para�eters� were c��ected 

duri�g 3 f Ju�e 2019 (with the ga��ery c�sed t the pub�ic) a�d 5 ad 6 f Ju�e 2019 (with 

the Ga��ery pe�ed t the pub�ic)- they started at 10 a$�$ a�d fi�ished at 5 p$�$ 

I� the sa�p�i�g days the prese�ce f the pub�ic was ca�cu�ated � the basis f the s�d 

tic+ets which were i� a�y case �wer tha� the actua� visitrs2 the 5 f Ju�e there were 7435 

visitrs whi�e the 6 f Ju�e there were 7297 visitrs$ 

Tab�e 1� /ai� characteristics f the a�a�y7ed r�s i� the Uffi7i Ga��ery$ 

The e�tra�ce f the Ga��ery is at the sec�d f�r f the bui�di�g 

a�d ver�+s a �arge crridr$ It faces west with �arge wi�dws$ 

Sa�p�i�g was perfr�ed �ear the access c�tr�$ 

Surface K 317�14 �2 

High K 5�68 �  

V�u�e K 1801�35 �3 

Ver�e (sec�d f�r) is c��ected with the e�tra�ce f the 

Ga��ery$ It is @rth� Suth a�d West rie�ted with �arge wi�dws$ 

Sa�p�i�g was perfr�ed �ear the west faci�g$ 

Surface K 214�99 �2  

High K 5�68 �  

V�u�e K 1221�14 �3 

R� 2 is accessed fr� the e�tra�ce$ I�side the r� there is the 

L/aest= di 0g�issa�tiM by Gitt$ The r� has � exter�a� wa��s$ 

Sa�p�i�gs were carried ut �ear the pai�ti�g$ 

Surface K 198�27 �2 

High K 9�85 �  

V�u�e K 1952�96 �3 

R� 10 is accessed fr� the adHace�t L14th ce�turyM r�s$  

I�side the r� there is the LPri�averaM by Sa�dr Bttice��i$ The 

r� has �e East rie�ted wi�dw�ess exter�a� wa��$ Sa�p�i�gs 

were carried ut �ear the pai�ti�g$ 

Surface K 146�34 �2 

High K 8�93 �  

V�u�e K 1306�82 �3$ 

R� 35 is accessed fr� a �arge crridr$  I�side the r� there 

is the Ladra7i�e dei /agiMf 6e�ard da Vi�ci$ The r� has 

�e West rie�ted wi�dw�ess exter�a� wa��$ Sa�p�i�gs were 

carried ut �ear the pai�ti�g$ 

Surface K 146�80 �2 

High K 6�61 �  

V�u�e K 970�35 �3 

R� 41 is accessed fr� a �arge crridr$ I�side the r� there 

is the Sacra Fa�ig�ia ca��ed LT�d D�iM f /iche�a�ge� 

Bu�arrti$ The r� has �e West rie�ted wi�dw�ess exter�a� 

wa��$ Sa�p�i�gs were carried ut �ear the pai�ti�g$ 

Surface K 140�91 �2 

High K 6�61 �  

V�u�e K 931�41 �3 

Ver�e (first f�r) has views � every rie�tati� with �arge 

wi�dws$ Sa�p�i�g was perfr�ed �ear the @rth faci�g$ 

Surface K 201�04 �2 

High K 8�17 �  

V�u�e K 1642�50 �3 

R� 71 is accessed fr� a �arge crridr$ I�side the r� there 

is the LScud c� testa di /edusaM f /iche�a�ge� /erisi fr� 

Caravaggi (1597)$  The r� has �� exter�a� wa��s$ Sa�p�i�gs 

were carried ut �ear the pai�ti�g$ 

Surface K 69�28 �2 

High K 8�02 �  

V�u�e K 555�62 �3 

R� 160 huses the c��ecti� d�ated by C�ti�i B�acssi$ 

I�side the r�� pai�ti�gs a�d �arb�e statues are exhibited$  The 

r� has @rth West rie�ted wi�dw�ess exter�a� wa�� a�d a 

s+y�ight$ Sa�p�i�gs were carried ut �ear �e f the �arb�e statue$ 

Surface K 89�10 �2 

High K 3�17 �  

V�u�e K 282�45 �3 

https://doi.org/10.1051/e3sconf/202234302002

52nd  iCARR International ConferenceA
E3S Web of Conferences 343, 02002 (2022)

5



Fig. 4. AHU control system of room 41. 

 

Fig. 5. Room 41: linear air inlet grids near the skylight. 

 

Fig. 6. Room 41: air outlet grids built-in the floor. 
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Fig. 7. Room 41: AHU in the attic room. 

C��ected data were reprted i� graphs� refere�ce va�ues f guide�i�es� sta�dards a�d 

cut ff va�ues f differe�t p��uta�t c�ce�trati�s were a�s u�der�i�ed$ Te�perature a�d 

re�ative hu�idity ra�ges were high�ighted tgether with rec��e�ded va�ues fr bHect 

prper c�servati�$  

I� particu�ar� i� r� 71 a�d Ver�e   Sec�d f�r   sa�p�es were c��ected i� tw 

differe�t psiti�s (A a�d B) a�d i� r�s 10� 35� a�d 41 sa�p�es were c��ected bth with 

�useu� c�sed a�d the �useu� pe�ed t the pub�ic$ 

T sa�p�e e�vir��e�ta� para�eters (dry a�d wet bu�b te�perature� air ve�city a�d 

C02 c�ce�trati�)� a �icrc�i�atic stati� with data�gger� psiti�ed t a high f 1�6 � 

fr� f�r� c��ecti�g sa�p�es every �i�ute fr 2 hurs� was used with the f��wi�g 

prbes2  

• psychr�eter (accuracy 0�104CG0�134C  with air te�perature 04CG204C- 2% (UR 

15G40%)- 1% (40G70%)- 0�5% (70G98%)- �easure ra�ge tdb2 25G1504C� twb2 0 G 604C� RH2 

0G100%)- 

• a�e��eter (accuracy 0�05 �Is (0G0�5 �Is)- 0�1 �Is (0�5G1�5 �Is)- 4 % (P1�5 �Is) 

�easure ra�ge 0G20 �Is)- 

• C02 prbe (accuracy 3% �easure ra�ge� �easure ra�ge 0 G 3000pp�)$ 

The V0Cs ��itri�g was carried � i� c�se prxi�ity t the �icrc�i�atic stati� 

with active sa�p�i�g f a 5 �iters air v�u�e c��ected i� �a�pha� bags� afterwards se�t t 

a� exter�a� �abratry t be a�a�y7ed- qua�titative a�d qua�itative V0Cs a�a�ysis was 

carried ut accrdi�g with Gas Chr�atgraphy /ass Spectr�etry (GCI/S) �ethd 

�16]$ Fr V0Cs the cut ff va�ue was sett�ed at 1% f the air sa�p�e �17]$ Bi�gica� 

a�a�ysis (TB6 a�d ��ds) was carried � bth with active a�d passive sa�p�i�g �ethds$ 

Duri�g active sa�p�i�g air f�w was c��ected with a surface air syste� i�pactr with a 

sa�p�i�g rate f 100 �I�i�ute psiti�ed i� c�se prxi�ity t the �icrc�i�atic stati�� t 

a high f 1�60 � fr� f�r$ Sa�p�i�g rate a�d c�seque�t�y the tta� air v�u�e (0�3 – 0�5 

– 1 �3) varied fr differe�t ccupati�a� patter� f the �useu� r�$ I� rder t c��ect 

i�fr�ati� abut bi�gica� p��uti� due t the passage f pep�e a�d the air f�ws fr� 

the ve�ti�ati� syste�s� the tta� bi�gica� p��uti� was a�s c��ected by passive 

sa�p�i�g fr 2 hurs� usi�g Petri dishes psiti�ed �ear the �icrc�i�atic stati� 

(ΦK90��� P�ate Cu�t Agar fr �icrbia� grwth a�d Saburaud Dextrse Agar fr ��d 

grwth)$ Bth sa�p�e dishes (active a�d passive sa�p�i�g) were se�t t a� exter�a� 

�abratry t be i�cubated at prper te�perature ti�e ra�ge (three days at 304C fr TB6 

a�d five days at 254C fr ��ds) a�d afterwards a�a�y7ed t deter�i�e the CFU bth fr 

bacteria tha� fr ��ds accrdi�g t ISS Reprt �10]$ 
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I� Figure 8� the �icrc�i�atic stati� a�d the surface air syste� i�pactr fr active 

bi�gica� a�a�ysis are prese�ted$ 

 

Fig. 8. Microclimatic station to sample dry and wet bulb temperature, air velocity, and CO2 

concentration (left). Surface air system impactor for active biological analysis - TBL and molds 

(right). 

3 Sampling results 

The resu�ts f the sa�p�i�g are reprted fr air te�perature a�d re�ative hu�idity� carb� 

dixide c�ce�trati�� tta� v�ati�e rga�ic c�pu�ds a�d bi�gica� p��uta�ts fr the 

r� 41 f the Uffi7i Ga��ery$ I� Figure 9� the �i�i�u�� �ea� a�d �axi�u� va�ues 

sa�p�ed are reprted fr air te�perature� re�ative hu�idity a�d carb� dixide 

c�ce�trati� i� r� 41 whi�e� i� Figure 10� the resu�ts f the sa�p�i�g carried ut fr 

bi�gica� a�d che�ica� p��uta�ts are prese�ted$ 

Fr air te�perature a�d re�ative hu�idity rec��e�ded ra�ges fr crrect c�servati� 

are respective�y 19G254C a�d 45G65% �11]� whi�e fr carb� dixide a c�ce�trati� f 

1000 is c�sidered as �i�it va�ue as is reprted i� Tab�e 2$ The sa�p�ed c�pared with the 

rec��e�ded �i�its shws a��st acceptab�e va�ues fr te�perature a�d re�ative hu�idity 

a�d a� acceptab�e C02 c�ce�trati�$ 

 

Fig. 9. Minimum, mean, and maximum values for carbon dioxide, relative humidity and air 

temperature in room 41 of the Uffizi Gallery. 
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Fig. 10. Values for biological and chemical pollutants sampling in room 41 of the Uffizi Gallery. 

Legend: TBL=Total Bacterial Load, VOC=Volatile Organic Compounds. 

I� Tab�e 3� ra�ges f acceptab�e �eve� fr V0Cs are reprted$ The va�ues c�pared with 

the rec��e�ded �i�its shws acceptab�e c�ce�trati�s f the p��uta�ts$ Fr V0Cs 

c�ce�trati�� Eurpea� Sta�dards suggest �i�it va�ues fr tta� V0Cs- thse ca� be used 

as refere�ce va�ues fr �useu� IAQ assess�e�t$ 

Tab�e 2� C02 c�ce�trati� �i�it va�ues �18]$ 

C�2 c�ce�trati� C�2 assess�e�t 

C02 be�eath 1800 �gI�3 (1000 pp�) Acceptab�e �eve�� har��ess 

C02 betwee� 1800 �gI�3 (1000 pp�)  

a�d 3600 �gI�3 (2000 pp�) 
High �eve� 

C02 higher tha� 3600 �gI �3 (2000 pp�) U�acceptab�e �eve� 

Tab�e 3� V0Cs c�ce�trati� �i�it va�ues �18]$ 

V�Cs c�ce�trati� V�Cs assess�e�t 

R 0�200 �gI�3 C�frt �eve� 

0�200   3 �gI�3 Acceptab�e �eve� 

3   25 �gI�3 Disc�frt �eve� 

P 25 �gI�3 U�acceptab�e �eve�   txicity 

These guide�i�es suggest a tta� V0Cs c�ce�trati� ra�ge betwee� 0�200 a�d 3 �gI�3 

as acceptab�e �eve�- �rever� a�y c�p�e�t ca�'t exceed 50% f the va�ue ide�tifyi�g its 

c�ass$ S�e V0Cs c�asses were �t detected (ha�ge� a�iphatic� ha�ge� ar�atic� ha�ge� 

u�saturated� �itrge� ar�atic� xyge� acid� ether� xyge� acid� phe��� su�fur �ercapta�� 

su�fur su�phide)$ Fr the ther V0Cs c�asses the cut ff va�ue f the c�pu�d was set at 

1% �17]- it represe�ts the p��uta�t c�ce�trati� i� the c�pu�d that ca� be c�sidered 

sig�ifica�t�y prese�t$ The su� f the c�ce�trati� va�ues f the i�dividua� V0Cs c�asses 

high�ights the �re prese�t c�asses i� the ��itred r�s� such as the a�dehydes a�d 

a�ch�s$  

Eurpea� guide�i�es suggest �i�it va�ues fr bi�gica� p��uti� (bacteria a�d ��ds) 

fr �� i�dustria� desti�ati�s a�d ca� be ta+e� as refere�ce va�ues a�s fr ductwr+ 
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hygie�ic c�diti�s i� prxi�ity f air i��et grids$ The rec��e�ded c�ce�trati� va�ues 

fr bi�gica� p��uta�ts are reprted i� Tab�e 4$ 

C��ected ��ds be��g t the Aspergi��us a�d Pe�ici��iu� ge�era (e�vir��e�ta� 

��ds)$ The first are ubiquitus a�d fte� ��itred i� differe�t e�vir��e�ts- i� 

particu�ar� F�avus a�d Fuigatus (c�assified i� D$�gs$81I2008 A��$ 46 �12] as a��erge�ic 

��d) species were ide�tified� whi�e Aspergi��us �iger was �t ide�tified$ Eve� Pe�ici��u� 

ge�era ca� be assciated with respiratry tract disrders i� predispsed r 

i��u�suppressed subHects$ 

I� ge�era�� a c�paris� betwee� r� 10 �15] a�d r� 41 ca� be �ade � the basis 

f the characteristics f the HVAC syste� a�d the i�dr p��uti� va�ues sa�p�ed (Tab�e 

5)$ I� particu�ar� the c�paris� betwee� the air i��et f�ws a�d the air distributi� i� the 

r� u�der�i�es the i�prta�ce f the air i��et a�d ut�et grids prper p�aci�g t i�prve 

the ve�ti�ati� effective�ess a�d the c�seque�t p��uta�t di�uti�2 these ca� be rea��y 

i�prta�t whe� pathge�s are prese�t i� the �useu� air$ 

Tab�e 4� Rec��e�ded va�ues i� CFUI�3 f bi�gica� c�ce�trati� �13]$ 

Bi�gica� p��uti� �eve� Bacteria� p��uti� (CFU��3) !�d p��uti� (CFU��3) 

Very �w R 50 R 25 

6w R 100 R 100 

I�ter�ediate R 500 R 500 

High R 2000 R 2000 

Very High P 2000 P 2000 

Tab�e 5� C�paris� a��g r� 10 a�d r� 41$ 

R� AHU 
V�u�e 

(�3) 

Air f�w 

(�3�h) 

C�2 

(pp�) 

V�C 

(�g��3) 

TB* 

(CFU��3) 

!�d 

(CFU��3) 

10 

Air i��et a�d 

ut�et grids �ear 

the s+y�ight 

1306 8000 1442 0�35 180 19 

41 

Air i��et grids 

�ear the s+y�ight 

a�d air ut�et 

grids bui�t i� the 

f�r 

931 10000 899 0�22 114 66 

4 Analysis of the results 

Fr� the a�a�ysis f the resu�ts s�e critica� aspects ca� be su��ari7e as f��ws2 

• s�e high r�s ca� prese�t te�perature stratificati� prb�e�s tgether with a pr 

effective�ess f �echa�ica� ve�ti�ati� due t the psiti� f the air i��et ut�et grids- this 

ca� resu�t i� a� i�creasi�g C02 c�ce�trati� with the sa�e bu�dary c�diti� f the 

HVAC syste� (air f�w a�d air cha�ge rate) i� differe�t r�s such as r� 41 a�d r� 

10 where �axi�u� c�ce�trati� with �useu� pe�ed respective�y is 889 a�d 1442 pp�- 

• the c�tr� f re�ative hu�idity ca� be put i� re�ati� with the air treat�e�ts i� the AHU 

whe� it wr+s ut f the Lsta�dardM bu�dary c�diti�s- 
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• the variati� f the air te�perature a�d re�ative hu�idity �ust be carefu��y assessed t 

guara�tee pti�a� c�servative c�diti� f the expsed bHect� i� particu�ar pai�ti�gs � 

wd- 

• the best c�diti�s are thse that si�u�ta�eus�y guara�tee air te�perature a�d re�ative 

hu�idity va�ues withi� the c�frt ra�ge a�d the c�servative ra�ge- 

• carb� dixide c�ce�trati� depe�ds bth t exter�a� e�vir��e�t (C02K400 pp�) a�d 

the prese�ce f visitrs a�d staff i� the �useu�-  

• C02 c�ce�trati� tre�d a�d V0Cs tre�d are very si�i�ar� s strategies ai�ed at carb� 

dixide c�ce�trati� c�tr� ca� be effective a�s fr V0Cs c�tr�- 

• a�dehydes a�d a�ch�s are the �st prese�t V0Cs c�asses- i� additi� t the p��uta�ts 

assciated with fur�ishi�gs a�d c�ea�i�g prducts� the c�ce�trati� f these p��uta�ts ca� 

be a�s re�ated t the prese�ce f visitrs- 

• the ��itred r� ca� �everthe�ess be c�sidered as a c�frtab�e �e as regards V0Cs 

c�ce�trati� i� accrda�ce with the Eurpea� guide�i�es �i�it va�ues- 

• the differe�t va�ues f bi�gica� sa�p�ed p��uti� �st�y depe�d � the sa�p�i�g 

tech�ique as passive sa�p�i�g des �t frce the �icrrga�is�s c��ecti� f a�d �wer 

va�ues are therefre expected- 

• as regards bi�gica� p��uti� the f��wi�g bservati�s ca� be �ade2 tta� bacteria� 

�ad be��gs t the L�wM p��uti� �eve� (R500 CFUI�3) a�d ��ds c�ce�trati� be��gs 

t the L�wM p��uti� �eve� (R100 CFUI�3)$ @everthe�ess� sa�p�ed va�ues pi�t ut that 

bi�gica� a�d che�ica� i�dicatrs f i�dr air qua�ity shu�d be ta+e� c�sta�t�y u�der 

c�tr�- 

• as fr the carb� dixide a�d V0Cs c�ce�trati� re�ated t HVAC syste� hygie�ic 

c�diti�s a�d air distributi� i� the r�s� future i�vestigati�s �ust be carried ut with 

��ger sa�p�i�g durati� c�pared t the pu�ctua� scree�i�g reprted i� the paper$ 

/rever� s�e ge�era� strategies are suggested fr the a�a�y7ed �useu�2 

• chec+ the c�psiti�s f deterge�ts a�d disi�fecta�ts fr the prese�ce f V0Cs- 

• chec+ hw t use sa�iti7ers a�d disi�fecta�ts- 

• chec+ the c�psiti� f g�ues a�d pai�ts used fr a�y �ai�te�a�ce i�terve�ti�s i� 

re�ati� t the prese�ce f V0Cs- 

• as fr the bi�gica� p��uti�� sa�p�i�g f specific p��uta�ts �ust be carried ut bth i� 

the air ducts a�d i� the fi�ters befre a�d after the �ai�te�a�ce prcedures- 

• specific c�ta�i�a�ts �ust be ��itred t avid deterirati� effects � the exhibited 

artwr+s$ As fr the V0Cs p��uti� a deep i�vestigati� f the �re represe�tative c�asses 

is suggested at �east fr 8 hurs due t the c��ected c�p�ai�ts f the  wr+ers i� the 

�useu� i� accrda�ce t the D6 81I2008 a�d ACGIH (A�erica� C�fere�ce f 

Gver��e�ta� I�dustria� Hygie�ists) that defi�e bth thresh�d 6i�it Va�ue   Ti�e 

Weighted Average   a�d Thresh�d 6i�it Va�ue   Shrt Ter� Expsure 6i�it   that ca� be 

ta+e� as refere�ce �i�its respective�y fr wr+ers a�d visitrs f the Uffi7i Ga��ery$ 

5 Conclusions 

The paper prese�ts the i�vestigati� strategy app�ied t the Uffi7i Ga��ery f F�re�ce$ I� 

s�e represe�tative r�s a shrt ter� ��itri�g was carried ut t u�der�i�e the 

c�ce�trati� f che�ica� (C02� V0Cs) a�d bi�gica� p��uta�ts (TB6 a�d ��ds) a�s i� 

re�ati� t �icrc�i�atic para�eters (ta� RH)$ I� particu�ar� resu�ts f the shrt ter� 

sa�p�i�gs carried ut i� r� 41 c�pared with thse f the r� 10 are prese�ted ad 

discussed$ 

Eve� if � pathge� was detected� i�dr air qua�ity i� the �useu� ca� be i�prved 

tha�+s t better �ai�te�a�ce strategies f the bui�di�g a�d with the i�prve�e�t f 

hygie�ic �ai�te�a�ce prcedures f the HVAC syste�s (ductwr+� grids� fi�ters� etc$)$ 
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/rever� i�dr air p��uta�t shu�d be assessed with a ��g ter� ��itri�g eve� t 

re�ate the prese�ce t the visitrs a�d the effective�ess f ve�ti�ati� i� the r�s$ 
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